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(57) ABSTRACT

An endoscope includes a scope provided with a hard portion
at a distal end of a long flexible portion having flexibility; an
image capturing portion housed in the hard portion and
having an image sensor; a transmission cable inserted into
the scope and conductively connected to the image sensor at
a distal end via a substrate, and a voltage conversion device
mounted on the substrate and outputting a constant voltage
to the image sensor with respect to a input voltage input to
the transmission cable.
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1
ENDOSCOPE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
USC 119 from Japanese Patent Application No. 2019-
047222 filed on Mar. 14, 2019, the contents of which are
incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to an endoscope.

BACKGROUND ART

In an endoscope, a reflection signal obtained from an
image sensor may be transmitted by a low voltage differ-
ential signaling (LVDS) signal from a camera head including
an image sensor such as a charge coupled device (CCD) or
a complementary metal oxide semiconductor (CMOS) to a
camera control unit (CCU) that controls an operation of the
camera head, LVDS is said to be capable of signal process-
ing with high-speed transmission, small signal amplitude,
low power consumption, and small electromagnetic inter-
ference. In a case where the LVDS signal is adopted, when
a transmission cable length is long, not only a Low side
voltage specification of the image capturing device itself
cannot be satisfied by a voltage drop due to internal resis-
tance of a transmission cable, a phenomenon occurs in
which amplitude of a differential signal is small, frequency
characteristics deteriorate, and rise time and fall time of the
differential signal is long. Therefore, there is a problem that
accurate information cannot be transmitted without satisfy-
ing data reproduction conditions in the CCU.

Therefore, in a camera head separated camera device
disclosed in Patent Literature 1, a camera control unit
includes a control means that transmits a predetermined
direct current (DC) voltage to the camera head in the camera
head separated camera device that connects a camera head
and a camera control unit via a cable. The camera head
includes an LVDS conversion driver that transmits the
LVDS signal to be transmitted to the camera control unit, an
LVDS control portion that controls the LVDS conversion
driver portion, and a correction control portion that outputs
a correction value of the LVDS signal to be supplied to the
LVDS control portion. According to the camera head sepa-
rated camera device, the LVDS signal can be stably trans-
mitted from the camera head to the CCU regardless of the
length of the transmission cable, and stable video can be
output.

CITATION LIST
Patent Literature
Patent Literature 1: JP-A-2011-254525

SUMMARY OF INVENTION

In consideration of mounting an image capturing device
such as a CMOS or the like described above on a distal end
portion of medical equipment such as an endoscope,
examples of a technical measure for minimizing the voltage
drop (droop) at the time of power supply to the distal end
portion include providing an adjustment circuit formed of a
condenser, a resistor, a coil, and the like.
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However, when a small diameter is required for the distal
end portion like medical equipment such as an endoscope,
since there is a limitation on housing space at the distal end
portion, it is difficult to provide an electronic circuit such as
an adjustment circuit described above or the correction
control portion described in Patent Literature 1.

The present disclosure is devised in view of the above-
described related circumstances, and an object thereof is to
provide an endoscope that reduces an increase in diameter of
a distal end portion even though a transmission cable of a
video signal obtained from an image capturing portion
disposed at the distal end portion is long and that stably
operates the image capturing portion to obtain a high-
resolution video signal.

The present disclosure provides an endoscope including a
scope provided with a hard portion at a distal end of a long
flexible portion having flexibility, an image capturing por-
tion having an image sensor housed in the hard portion, a
transmission cable inserted into the scope and conductively
connected to the image sensor at a distal end via a substrate,
and a voltage conversion device mounted on the substrate
and outputting a constant voltage to the image sensor with
respect to a voltage input to the transmission cable.

According to the present disclosure, in the endoscope, an
increase in diameter of a distal end portion can be reduced
even though a transmission cable of a video signal obtained
from an image capturing portion disposed at the distal end
portion is long, and the image capturing portion can be
stably operated to obtain a high-resolution video signal.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view showing an appearance
example of an endoscope system according to a first
embodiment.

FIG. 2 is a schematic diagram showing a schematic
configuration of the endoscope system shown in FIG. 1.

FIG. 3 is a side view showing a configuration of a main
part by rotating the endoscope shown in FIG. 2 by 90
degrees around an axis.

FIG. 4 is a main part enlarged perspective view of the
endoscope shown in FIG. 3.

FIG. 5 is a block diagram showing an example of a circuit
in a hard portion shown in FIG. 4.

FIG. 6 is a side view showing a configuration of a main
part according to a first modification in which components
are mounted on both sides of a substrate.

FIG. 7 is a side view showing a configuration of a main
part according to a second modification in which a substrate
is made of a flexible substrate including a rigid substrate.

FIG. 8 is a side view showing a configuration of a main
part according to a third modification in which a wireless
device is mounted on a substrate.

FIG. 9 is a block diagram showing an example of a circuit
in a hard portion according to a third modification.

FIG. 10 is a side view showing a configuration of a main
part according to a fourth modification in which a driving
device is mounted on a substrate.

FIG. 11 is a block diagram showing an example of a
circuit in a hard portion according to the fourth modification.

FIG. 12 is a main part explanatory diagram illustrating a
lens system driving mechanism according to the fourth
modification together with a lens operation diagram.

FIG. 13 is a rear view showing a configuration example
of substrates according to a fifth modification which become
a two-lens camera.
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FIG. 14 is a rear view showing a configuration example
of shading members according to a sixth modification which
become a two-lens camera.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments that specifically disclose con-
figuration and operation of the endoscope according to the
present disclosure will be described in detail with reference
to the accompanying drawings. However, unnecessarily
detailed description may be omitted. For example, a detailed
description of an already well-known matter or a repeated
description of substantially the same configuration may be
omitted. This is to avoid unnecessary redundancy of the
following description and to facilitate understanding of
those skilled in the art. It is to be understood that the
accompanying drawings and the following description are
provided to enable those skilled in the art to fully understand
the present disclosure, and are not intended to limit the scope
of claims.

First Embodiment

FIG. 1 is a perspective view showing an appearance
example of an endoscope system 11 according to a first
embodiment. As terms used herein, an upper direction and a
lower direction of a housing 27 of a video processor 13
placed on a horizontal plane are referred to as “upper” and
“lower”, respectively. Sides where the endoscope 15 cap-
tures an observation object are referred to as “front” or
“distal”, and a side connected to the video processor 13 is
referred to as “rear”.

The endoscope system 11 includes the endoscope 15, the
video processor 13, and a monitor 17. The endoscope 15 is,
for example, a hard scope or a flexible scope for medical use
as an example of medical equipment. The video processor
13 performs image processing on a captured image (includ-
ing, for example, a still image and a moving image) obtained
by captures the observation object (for example, an affected
part of a human body or inside a human body) as a subject.
The monitor 17 displays an image in accordance with a
display signal output from the video processor 13. The
image processing includes, for example, color correction,
tone correction, and gain adjustment, but is not limited to
these processes.

The endoscope 15 captures the observation object. The
endoscope 15 includes a scope 19 inserted into the obser-
vation object and a plug portion 21 to which a rear end
portion of the scope 19 is connected. The scope 19 includes
a relatively long flexible portion 23 having flexibility and a
hard portion 25 having rigidity provided at a distal end of the
flexible portion 23.

The video processor 13 has a housing 27, performs image
processing on the captured image, and outputs a display
signal after image processing. A socket portion 31 into
which a base end portion 29 of the plug portion 21 is inserted
is disposed on a front surface of the housing 27. Since the
plug portion 21 is inserted into the socket portion 31 and the
endoscope 15 and the video processor 13 are conductively
connected, power and various signals (for example, a cap-
tured image signal or a control signal) can be transmitted and
received between the endoscope 15 and the video processor
13. The power and various signals are transmitted from the
plug portion 21 to the flexible portion 23 via a transmission
cable 33 (see FIG. 2) inserted into the scope 19. The
captured image signal output from an image sensor 35 (see
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FIG. 4) provided inside the hard portion 25 is transmitted
from the plug portion 21 to the video processor 13 via the
transmission cable 33.

The video processor 13 performs image processing on the
captured image signal transmitted via the transmission cable
33, converts the image data after image processing into a
display signal, and outputs it to the monitor 17.

The monitor 17 includes a display device such as a liquid
crystal display (LCD), a cathode ray tube (CRT), or the like.
The monitor 17 displays a captured image of the subject
captured by the endoscope 15. The monitor 17 displays a
visible light image captured by illumination of visible light
(namely, white light) for illuminating the observation object,
and a fluorescence image in which fluorescence generated
by excitation light for causing the observation object to emit
fluorescence is captured.

An Infrared Ray (IR) excitation light source 37, which is
a light source of IR excitation light as an example of
excitation light, is provided in the housing 27 of the video
processor 13. A light guide body, which is an illumination
means, is inserted into the endoscope 15. In the endoscope
15, since the plug portion 21 is inserted into the socket
portion 31, the IR excitation light emitted from the IR
excitation light source 37 is transmitted to the light guide
body of the endoscope 15.

FIG. 2 is a schematic diagram showing a schematic
configuration of the endoscope system 11 shown in FIG. 1.
A camera 39 (see FIG. 4) as an example of an image
capturing portion is provided in the hard portion 25. The
camera 39 is integrally provided with a lens unit 41 on a
distal end side and an image sensor 35 on a rear end side.
The image sensor 35 is conductively connected to a flexible
substrate 43 which is a substrate. The transmission cable 33
is conductively connected to the flexible substrate 43. That
is, the camera 39 housed in the hard portion 25 is conduc-
tively connected to the distal end of the transmission cable
33 drawn into the hard portion 25 via the flexible substrate
43. A voltage conversion device (to be described later) is
mounted on the flexible substrate 43.

FIG. 3 is a side view showing a configuration of a main
part by rotating the endoscope 15 shown in FIG. 2 by 90
degrees around an axis. A plurality of pads are provided on
a back surface of the image sensor 35. The flexible substrate
43 is conductively connected to the back surface of the
image sensor 35 via the pads. The flexible substrate 43 is
disposed between the image sensor 35 and the transmission
cable 33 to relay both. On the flexible substrate 43, for
example, a circuit pattern in which a plurality of linear
conductors are pattern printed is formed. The flexible sub-
strate 43 conductively connects each electric wire 45 (see
FIG. 4) provided in the transmission cable 33 to the circuit
pattern. Thus, the image sensor 35 is connected to the
transmission cable 33 via the flexible substrate 43. A base
end of the transmission cable 33 is conductively connected
to a CCU 49 (see FIG. 2) of a transmission source substrate
47 (see FIG. 3) housed in the video processor 13 via the plug
portion 21.

The flexible substrate 43 is formed by bending into an LL
shape with a sensor connection portion 51 parallel to the
back surface of the image sensor 35 and a cable connection
portion 53 perpendicular to the back surface. In the flexible
substrate 43, a front surface of the sensor connection portion
51 is conductively connected to a pad provided on the back
surface of the image sensor 35. On the other hand, a plurality
of terminal portions exposed on an upper surface of the cable
connection portion 53 are conductively connected to respec-
tive electric wires 45 of the transmission cable 33. In
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addition to the electric wires 45, a plurality of lands for
mounting the voltage conversion device and the condenser
55 are formed on the upper surface of the cable connection
portion 53. In the present embodiment, as an example, two
voltage conversion devices for 3.3 V output and 1.2 V output
are mounted. The condenser 55 is mounted on the same
surface as a mounting surface of the voltage conversion
device. A mounting position and the number of the voltage
conversion device or the condenser 55 are not limited to the
example shown in FIG. 3.

In the present embodiment, in the endoscope 15, the
voltage conversion device and the image sensor 35 are
mounted on the same flexible substrate 43.

The flexible substrate 43 can be formed in an L shape by
bending a planar substrate. Therefore, in the flexible sub-
strate 43, the image sensor 35, the voltage conversion
device, and the condenser 55 can be mounted on the same
surface side. That is, components are mounted on one side
of the flexible substrate 43. Since components are mounted
on one side of the flexible substrate 43, it is not only possible
to realize cost reduction due to minimization of time (for
example, tact time) required for a mounting step during a
solder reflow step, and it is possible to reduce drop or the
like of the mounted components as compared with both-side
mounting.

Sensor cover glass 57 is stuck on a front surface side of
the image sensor 35. The sensor cover glass 57 that fixes the
image sensor 35 is fixed to a holder 58 serving as a
positioning means. The holder 58 fixes a lens unit 41 to a
front portion. An optical axis of the image sensor 35 and the
lens unit 41 is positioned via the holder 58. An eaves portion
59 is integrally fixed to an upper surface of the holder 58.
The eaves portion 59 extends over a front end of the cable
connection portion 53. The eaves portion 59 fixes the front
end of the cable connection portion 53.

As the flexible substrate 43, a flexible flat cable (FFC)
formed in a belt-shaped cable having flexibility, a flexible
printed circuit board (FPC) in which a linear conductor is
pattern printed on an insulating substrate having flexibility,
and the like can be used by covering a conductor formed of
aplurality of strip-shaped thin plates with an insulating sheet
material.

FIG. 4 is a main part enlarged perspective view of the
endoscope 15 shown in FIG. 3. In the endoscope 15, the
camera 39 and the flexible substrate 43 are housed in the
hard portion 25. The camera 39 is formed with a length of
A (for example, about 4.6 mm) in a front-rear direction. The
flexible substrate 43 is formed with a length of B (for
example, about 5.3 mm) in the front-rear direction. The hard
portion 25 is formed with a length of C (for example, about
10 mm) in the front-rear direction. Therefore, the camera 39
and the flexible substrate 43 can be housed inside the hard
portion 25 (A+B<C). The hard portion 25 can be formed by
molding the camera 39 and the flexible substrate 43 with a
synthetic resin. The hard portion 25 may house the camera
39 and the flexible substrate 43 in a metallic tube. Further,
in the hard portion 25, a bonding material may be filled in
the metallic tube that house the camera 39 and the flexible
substrate 43. In either case, the hard portion 25 is formed
into a cylindrical shape having rigidity. The transmission
cable 33 is derived from the rear end of the hard portion 25.
The derived transmission cable 33 is covered with a sheath
(not shown) made of a soft material provided on an outer
diameter of the scope 19.

An image capturing window 61 is disposed on a distal end
surface of the hard portion 25. The image capturing window
61 is formed including an optical material such as optical

10

15

20

25

30

35

40

45

50

55

60

65

6

glass and optical plastic, and light from the subject is
incident. The lens unit 41 of the camera 39 is disposed
behind the image capturing window 61. The lens unit 41
includes lens cover glass which is an optical component, a
diaphragm, a plurality of lenses, a spacer 63, and the like
inside the lens barrel. The sensor cover glass 57 stuck on the
image sensor 35 is positioned on the holder 58 to be
disposed behind the lens unit 41.

FIG. 5 is a block diagram showing an example of a circuit
in a hard portion 25 shown in FIG. 4. The voltage conversion
device mounted on the cable connection portion 53 of the
flexible substrate 43 can output a constant voltage from an
output terminal to the image sensor 35 with respect to an
input voltage input (in other words, supplied or applied)
from the transmission cable 33 to an input terminal. In the
present embodiment, as described above, two voltage con-
version devices for 3.3 V output and 1.2 V output are
mounted.

In the present embodiment, the voltage conversion device
is a linear regulator.

Further, the linear regulator is an LDO regulator 65.

An electric supply source (for example, 5 V) and the
condenser 55 on an input side are connected between
respective input terminals of a pair of LDO regulators 65, 65
and the ground (GND). A plurality of condensers 55 on
output sides are connected between respective output ter-
minals of the pair of LDO regulators 65, 65 and the GND.
Accordingly, even though 5V is supplied from the electric
supply source and a voltage droop occurs due to resistance
depending on a length of the transmission cable 33, one
LDO regulator 65 in the pair of LDO regulators 65 capable
of corresponding to a wide range of input voltage can stably
output a constant voltage (3.3 V) from the output terminal to
the image sensor 35. In the same way, the other WO
regulator 65 can stably output a constant voltage (1.2 V)
from the output terminal to the image sensor 35. In the
endoscope 15, these circuits (see FIG. 5) have a basic circuit
configuration.

The image sensor 35 transmits a serial image capturing
signal to the transmission cable 33 by a differential method
(for example, a low voltage differential signaling (LVDS)
method). In the present embodiment, although a reference
level (Ref level) for causing the image sensor 35 to function
as a comparator is —=0.95 V, but when an image sensor of a
type not having the function as a comparator is used, supply
of the reference level (for example, —0.95 V) may be
omitted.

With the circuit configuration, in the endoscope 15, even
though a voltage droop occurs, as long as the voltage is
within an input voltage range capable of corresponding to
the LDO regulator 65, a constant voltage (3.3 V, 1.2 V) can
be stably output even for the voltage droop by increasing the
supply voltage to a limit of 5 V during extension of the
transmission cable 33.

Next, the operation of the endoscope 15 according to the
present embodiment will be described.

The endoscope 15 according to the present embodiment
includes the scope 19 provided with the hard portion 25 at
the distal end of the long flexible portion 23 having flex-
ibility, an image capturing portion (for example, camera 39)
having the image sensor 35 housed in the hard portion 25,
and the transmission cable 33 inserted into the scope 19 and
conductively connected to the image sensor 35 at a distal end
via the flexible substrate 43. The endoscope 15 includes a
voltage conversion device mounted on the flexible substrate
43 and outputting a constant voltage to the image sensor 35
with respect to the input voltage input to the transmission
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cable 33. That is, the voltage conversion device is mounted
on the flexible substrate 43 that relaying connects the distal
end of the transmission cable 33 and the image sensor 35.
The voltage conversion device always outputs a constant
voltage to the image sensor 35 with respect to the input
voltage input to the transmission cable 33.

In recent years, there is an increasing demand for improv-
ing resolution even in the endoscope 15. When the image
sensor 35 is also in a high definition (HD) class or more, not
only the LVDS is used for a signal line, a large number of
control lines including a plurality of power supply lines for
the image sensor are also necessary. For this reason, in the
endoscope 15, it is necessary to pass ten-odd to 20 electric
wires 45 through the small diameter scope 19.

Each electric wire 45 of the transmission cable 33 is
required to have a small diameter of less than wire No.
AWG42 (a cross-sectional diameter or a maximum parallel
facing distance is about 0.08 mm) in order to ensure a
minimum limit of current. Further, since the transmission
cable 33 needs to extend several meters or more (for
example, 3 to 4 m) to a controller, a voltage droop is caused
due to a considerably large internal resistance value.

Here, the voltage droop includes additional problems.
That is, in an electrical circuit such as the image sensor 35,
since impedance of the internal circuit is different between
the time of operation and the time of non-operation such as
the time of sleep, a droop level of the voltage droop varies.

Therefore, in the endoscope 15, the problems are solved
by mounting the voltage conversion device (for example, the
LDO regulator 65) on a substrate connected to the distal end
of the transmission cable 33. The voltage conversion device
can obtain a constant voltage by a single device. Therefore,
it is not necessary to house an adjustment circuit including
the condenser 55, a resistor, a coil, and the like in the distal
end (hard portion 25) of the scope 19. As a result, an increase
in diameter of the distal end portion (for example, the hard
portion 25) can be reduced in the endoscope 15. In other
words, space that can be effectively used can be ensured as
the condenser 55, the resistor, the coil, and the like are not
required as compared with a configuration provided with the
adjustment circuit.

Since the voltage conversion device operates even with a
large voltage difference between input and output, it is
possible to input a constant voltage to the image sensor 35
in the hard portion 25 regardless of operation or non-
operation of the image sensor 35. Accordingly, the operation
of the image sensor 35 can be stabilized.

In this way, in the endoscope 15 in which the voltage
conversion device is mounted at the distal end, since the
voltage droop can be reduced even in the electric wire 45
that has a small diameter and reaches 3 to 4 m, it is possible
to stably realize high resolution of an observed image while
reducing an increase in diameter of the scope 19. Therefore,
according to the endoscope 15 according to the present
embodiment, even though the transmission cable 33 of the
video signal obtained from the image capturing portion (for
example, camera 39) disposed in the distal end portion (for
example, hard portion 25) is long, it is possible to obtain a
high-resolution video signal by stably operating the image
capturing portion (for example, camera 39) at high resolu-
tion while reducing an increase in diameter of the distal end
portion (for example, hard portion 25).

In the endoscope 15, the voltage conversion device is a
linear regulator.

In addition, in the endoscope 15, the voltage conversion
device can be simplified. That is, in the LDO regulator 65,
for example, a switching lens unit or a three-terminal
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regulator can be used. In the LDO regulator 65, a stable
constant voltage can be output from the output terminal only
by connecting the condenser 55 on the input side to the
power supply between the input terminals and the GND and
the condensers 55 on the output sides between the output
terminals and the GND. That is, the endoscope 15 can
realize a configuration in which a stable constant voltage can
be output from the output terminal in limited space.

In the endoscope 15, the voltage conversion device is the
LDO regulator 65.

In addition, in the endoscope 15, the voltage conversion
device may be a low dropout regulator (LDO) regulator 65.
The LDO regulator 65 has a high input voltage, a low
dropout voltage, and operates at low power. That is, the LDO
regulator 65 operates in a large voltage difference between
input and output. The LDO regulator 65 can supply a
high-precision constant voltage to the image sensor 35.
Accordingly, image capturing precision of the image sensor
35 can be improved. Further, since it is easy to miniaturize
apackage of the LDO regulator 65, it is suitable for reducing
the diameter of the endoscope 15.

In the endoscope 15, the voltage conversion device and
the image sensor 35 are mounted on the same substrate.

In the endoscope 15, the LDO regulator 65 and the image
sensor 35 are mounted on the same flexible substrate 43. In
the present embodiment, the LDO regulator 65 and the
image sensor 35 are mounted on the same surface of the
flexible substrate 43. Accordingly, the LDO regulator 65 and
the image sensor 35 can be placed on an upper surface of the
flexible substrate 43 which is flat in a step before bending
into an L shape, and a reflow step can be performed at the
same time. As a result, it is difficult to detach the mounting
component from the flexible substrate 43, and the compo-
nent mounting that is easy with high reliability can be
performed. On the same surface, the flexible substrate 43 on
which the LDO regulator 65 and the image sensor 35 are
mounted is bent at an approximately right angle at a bound-
ary portion between the LDO regulator 65 and the image
sensor 35, and the bent portion is fixed to the eaves portion
59.

Next, modifications of the configuration according to the
first embodiment described above will be described.

[First Modification]

FIG. 6 is a side view showing a configuration of a main
part according to a first modification in which components
are mounted on both sides of a substrate. An endoscope
according to the first modification of the first embodiment
has approximately the same configuration as that of the
endoscope 15 according to the first embodiment, in which
the same component is denoted by the same reference
numeral, and description thereof will be simplified or omit-
ted; different contents will be described.

In the endoscope 15 according to the first modification,
components are mounted on both sides of the flexible
substrate 43. In the first modification, the image sensor 35 is
mounted on one side of the flexible substrate 43, and the
voltage conversion device or the condenser 55 are mounted
on the other side of the flexible substrate 43. That is, in the
flexible substrate 43, the LDO regulator 65 and the con-
denser 55 are disposed on a lower surface (internal corner
side) of the cable connection portion 53 bent approximately
perpendicular to the sensor connection portion 51.

In the endoscope 15, by mounting components on both
sides of the flexible substrate 43, it is possible to dispose the
mounting component on the internal corner side of the
flexible substrate 43 bent into an L shape, and thus protru-
sion of the mounting components to the outside can be
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eliminated. Thus, according to the endoscope 15, since it is
possible to contribute to reduction in diameter of the hard
portion 25, space for disposing an illumination means such
as an optical fiber on an upper side of the flexible substrate
43 can be ensured.

[Second Modification]

FIG. 7 is a side view showing a configuration of a main
part according to a second modification in which a substrate
is made of the flexible substrate 43 including a rigid sub-
strate. An endoscope according to the second modification
of the first embodiment has approximately the same con-
figuration as that of the endoscope 15 according to the first
embodiment, in which the same component is denoted by
the same reference numeral, and description thereof will be
simplified or omitted; different contents will be described.

In the endoscope 15 according to the second modification,
the substrate (for example, the flexible substrate 43) includes
a first rigid substrate 67 and a second rigid substrate 69
connected by a thin hinge portion 71 having flexibility. In
the flexible substrate 43, the image sensor 35 is mounted on
the first rigid substrate 67, and the voltage conversion device
is mounted on the second rigid substrate 69. The image
sensor 35 and the voltage conversion device are mounted on
the same surface of the first rigid substrate 67 and the second
rigid substrate 69 in a flatly developed state.

The first rigid substrate 67 and the second rigid substrate
69 are connected by the thin hinge portion 71 to form a
substrate having an integrated composite structure (for
example, the flexible substrate 43). The flexible substrate 43
having the composite structure covers, for example, a sensor
mounting pattern portion connected to the image sensor 35
and a device mounting pattern portion integrally formed
with the sensor mounting pattern portion and connected to
the voltage conversion device with a hard insulating resin.
At this time, a non-covered portion that is not covered by a
hard insulating resin is left at a boundary portion between
the sensor mounting pattern portion and the device mounting
pattern portion. The non-covered portion is covered with, for
example, a soft insulating resin. In the substrate having a
composite structure, a part covered with the soft insulating
resin can be used as the thin hinge portion 71. Thus, in the
flexible substrate 43 having the composite structure, the first
rigid substrate 67 and the second rigid substrate 69 can be
easily bent via the thin hinge portion 71. The thin hinge
portion 71 has the same thickness as the first rigid substrate
67 and the second rigid substrate 69, and is formed of, for
example, a member made of a thin material having flexibil-
ity. A method of producing the substrate according to the
second modification is not limited thereto.

In the endoscope 15, the substrate includes a first rigid
substrate 67 and a second rigid substrate 69 connected by a
hinge portion (for example, the thin hinge portion 71) having
flexibility. The image sensor 35 is mounted on the first rigid
substrate 67, and the voltage conversion device is mounted
on the second rigid substrate 69.

In the endoscope 15, the substrate (for example, the
flexible substrate 43) includes the first rigid substrate 67 and
the second rigid substrate 69 which are hard, and the thin
hinge portion 71 having flexibility which is soft and con-
nects them. In the substrate having the composite structure,
the first rigid substrate 67 and the second rigid substrate 69
having high rigidity on which the image sensor 35 and the
voltage conversion device are mounted can be easily bent by
the thin hinge portion 71 having flexibility. Accordingly, the
substrate can be deformed into any bent shape adapted to
limited internal space of the hard portion 25. As a result,
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assembling properties of the image capturing portion to the
hard portion 25 can be improved.
[Third Modification]

FIG. 8 is a side view showing a configuration of a main
part according to a third modification in which a wireless
device 73 is mounted on a substrate. An endoscope accord-
ing to the third modification of the first embodiment has
approximately the same configuration as that of the endo-
scope 15 according to the first embodiment, in which the
same component is denoted by the same reference numeral,
and description thereof will be simplified or omitted; dif-
ferent contents will be described.

In the endoscope 15 according to the third modification,
the wireless device 73 is mounted on the flexible substrate
43. The wireless device 73 is mounted on a lower surface of
the cable connection portion 53 on which the voltage
conversion device or the condenser 55 is mounted. As
described above, in the endoscope 15, as compared with the
configuration provided with the adjustment circuit, it is
possible to secure space that can be effectively used on the
substrate. The wireless device 73 is loaded by using the
space.

FIG. 9 is a block diagram showing an example of a circuit
in the hard portion 25 according to the third modification.
The endoscope 15 according to the third modification
includes the wireless device 73, and thus transmission and
reception of a control signal having the basic circuit con-
figuration shown in FIG. 5 are performed by the wireless
device 73. That is, wirelessness is possible by using space
such as a back surface of the cable connection portion 53.
Therefore, a control signal line can be not required. The
wireless device 73 wirelessly transmits and receives the
control signal to and from a transmission and reception
portion provided on the transmission source substrate 47.

In addition to the basic circuit configuration shown in
FIG. 5, a field programmable gate array (FPGA) 75 or the
like connected to the wireless device 73 is provided on the
flexible substrate 43. The FPGA 75 is a programmable logic
device capable of rewriting processing contents. The image
sensor 35 is controlled by using a control signal (for
example, the reference signal described above) generated by
the FPGA 75 based on the control signal from the transmis-
sion source substrate 47 input from the wireless device 73.
In the endoscope 15 according to the third modification,
stabilization due to an interface of the image sensor 35 and
generation of Ref voltage is possible by mounting the FPGA
75.

In the endoscope 15, the wireless device 73 is mounted on
the substrate.

In the endoscope 15, by providing the voltage conversion
device, the space secured on the substrate can be effectively
used to provide the wireless device 73 and the FPGA 75. By
mounting of the FPGA 75 and wirelessness, the control
signal to the image sensor 35 can be limited to an activation
signal. Accordingly, the control signal line necessary in the
basic circuit configuration can be not required. As a result,
it is possible to reduce the number of wires of the transmis-
sion cable 33 and to contribute to reduction in diameter of
the endoscope 15.

[Fourth Modification]

FIG. 10 is a side view showing a configuration of a main
part according to a fourth modification in which a driving
device is mounted on a substrate. An endoscope according
to the fourth modification of the first embodiment has
approximately the same configuration as that of the endo-
scope 15 according to the first embodiment, in which the
same component is denoted by the same reference numeral,
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and description thereof will be simplified or omitted; dif-
ferent contents will be described.

In the endoscope 15 according to the fourth modification,
a motor driving device 77 is mounted on the flexible
substrate 43. The hard portion 25 is provided with a motor
79 and a lens system driving mechanism 81 such as an
autofocus driven by the motor 79. The lens system driving
mechanism 81 includes a screw shaft 83 driven by the motor
79, a nut portion 85 screwed to a screw shaft 83, and a
movable lens bracket 89 (see FIG. 12) that is fixed to the nut
portion 85 and supports a movable lens group 87.

FIG. 11 is a block diagram showing an example of a
circuit in the hard portion 25 according to the fourth modi-
fication. The endoscope 15 according to the fourth modifi-
cation includes the motor driving device 77, and thus the
motor driving device 77 is connected to the control signal
line having the basic circuit configuration shown in FIG. 5.
That is, autofocus is possible by using space such as the back
surface of the cable connection portion 53. In the motor
driving device 77, control is possible by an IT driving device
of communication control (I2C and the like) in the control
signal. A power supply for driving the motor driving device
77 can share a power supply on an output side of the supply
source power supply or the LDO regulator 65.

FIG. 12 is a main part explanatory diagram illustrating the
lens system driving mechanism 81 according to the fourth
modification together with a lens operation diagram. In the
endoscope 15, when a control signal from the motor driving
device 77 is sent to the motor 79 via a motor harness 91, the
motor 79 is controlled to rotate at a predetermined rotation
angle in forward and backward directions. When the screw
shaft 83 is rotated at the predetermined rotation angle, the
movable lens group 87 is moved with respect to the image
sensor 35 by the movable lens bracket 89 supported by the
nut portion 85 to focus on the subject. An operation amount
for positioning the movable lens group 87 by the motor
driving device 77 is calculated based on focal length infor-
mation input from the transmission source substrate 47.

In addition, in the endoscope 15, the motor driving device
77 is mounted on the substrate.

In the endoscope 15, by providing the voltage conversion
device, the space secured on the substrate can be effectively
used to provide the motor driving device 77. The autofocus
function can be loaded by the motor driving device 77. As
aresult, in the endoscope 15, a higher-resolution observation
image is obtained, in which the lens unit 41 is focused on the
subject with high precision without increasing the diameter
of the hard portion 25.

[Fifth Modification]

FIG. 13 is a rear view showing a configuration example
of substrates according to a fifth modification which become
a two-lens camera. An endoscope according to the fifth
modification of the first embodiment has approximately the
same configuration as that of the endoscope 15 according to
the first embodiment, in which the same component is
denoted by the same reference numeral, and description
thereof will be simplified or omitted; different contents will
be described.

In the endoscope 15 according to the fifth modification,
the hard portion 25 includes a pair of a right lens camera 93
and a left lens camera 95 with an axis sandwiched therebe-
tween. Each of the substrates connected to each of the image
sensors 35 of the right lens camera 93 and the left lens
camera 95 is formed by bending into an L. shape with the
sensor connection portion 51 parallel to the back surface of
the image sensor 35 and the cable connection portion 53
perpendicular to the back surface. Here, the cable connec-
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tion portion 53 is a protruded portion jutted out more
outward than an outer shape of the image sensor 35. The
right lens camera 93 and the left lens camera 95 are disposed
in a direction in which each of the image sensors 35 causes
each of'the cable connection portions to face each other with
the axis of the hard portion 25 sandwiched therebetween.
That is, each of the cable connection portions 53 faces
inside.

In the endoscope 15, the camera 39 is a two-lens camera
including the right lens camera 93 and the left lens camera
95. In the two-lens camera, each of a pair of images captured
by each of a pair of linked cameras 39 in which parallax is
formed is processed, and a stereoscopic image in which
depth information is reflected can be generated and dis-
played on the monitor 17. The right lens camera 93 and the
left lens camera 95 can be the camera 39 having the same
specification.

The hard portion 25 of the endoscope 15 includes a pair
of image capturing portions with the axis sandwiched ther-
ebetween, a substrate connected to the image sensor 35
disposed in each of the pair of image capturing portions is
formed by bending into an L. shape with the sensor connec-
tion portion 51 parallel to the back surface of the image
sensor 35 and the cable connection portion 53 perpendicular
to the back surface, and each of the image sensors 35 is
disposed in a direction in which each of the cable connection
portions face each other with the axis of the hard portion 25
sandwiched therebetween.

In the endoscope 15, the hard portion 25 is provided with
a pair of the right lens camera 93 and the left lens camera 95.
In a configuration that enables generation of the stereoscopic
image, since the pair of cable connection portions 53 are
disposed inside, it is not only possible to secure wide space
for loading the other components or assembling the other
components, but also possible to reduce the diameter on both
sides of the pair of cable connection portions 53 (respective
internal corner sides).

[Sixth Modification]

FIG. 14 is a rear view showing a configuration example
of shading members 97 according to a sixth modification
which become a two-lens camera. An endoscope according
to the sixth modification of the first embodiment has
approximately the same configuration as that of the endo-
scope 15 according to the first embodiment, in which the
same component is denoted by the same reference numeral,
and description thereof will be simplified or omitted; dif-
ferent contents will be described.

As in the fifth modification, the endoscope 15 according
to the sixth modification includes a pair of the right lens
camera 93 and the left lens camera 95. As in the fifth
modification, each of the substrates connected to each of the
image sensors 35 of the right lens camera 93 and the left lens
camera 95 is formed by bending into an L shape with the
sensor connection portion 51 and the cable connection
portion 53. The cable connection portion 53 is a protruded
portion jutted out more outward than an outer shape of the
image sensor 35. On the other hand, in the endoscope 15
according to the sixth modification, the pair of image sensors
35 are disposed with each of the cable connection portions
53 facing outward with the axis of the hard portion 25
sandwiched therebetween. That is, the cable connection
portions 53 are separated outside. In a pair of sensor
connection portions 51 sandwiched between the pair of
separated cable connection portions 53, a surface on an
opposite side of the image sensor 35 is covered with one
shading member 97.
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As in the fifth modification, in the endoscope 15, each of
a pair of images captured by each of a pair of linked cameras
39 in which parallax is formed is processed, and a stereo-
scopic image in which depth information is reflected can be
generated and displayed on the monitor 17.

The hard portion 25 of the endoscope 15 includes a pair
of image capturing portions with the axis sandwiched ther-
ebetween. Fach of the substrates connected to each of the
image sensors 35 disposed in each of the pair of image
capturing portions is formed by bending into an L shape with
the sensor connection portion 51 parallel to the back surface
of the image sensor 35 and the cable connection portion 53
perpendicular to the back surface, the pair of the image
sensors 35 are disposed with each of the cable connection
portions 53 facing outward with the axis of the hard portion
25 sandwiched therebetween, and a surface on an opposite
side of the image sensor 35 of each of the sensor connection
portion 51 connected to the back surface of each of the pair
of'image sensors 35 is covered with one shading member 97.

In the endoscope 15, since the cable connection portions
53 are separated outside, a pair of shading members 97
covering the pair of adjacent sensor connection portions 51
from the back surface side can be disposed on the inner side
sandwiched between the pair of cable connection portions
53.

The image sensor 35 loaded on, for example, a blood
vessel endoscope having an outer diameter of less than 1 mm
is extremely thin in a square in which a length of a side is
0.5 mm or less. In this case, in order to improve handle-
ability, the image sensor 35 is configured by attaching an
image capturing surface to the sensor cover glass 57 having
a length of a side of 0.5 mm and a thickness of 0.5 mm. The
sensor cover glass 57 irradiates the image capturing surface
of the image sensor 35 with image capturing light incident
from the lens. At this time, a part of the image capturing light
may leak from a side surface of the sensor cover glass 57 and
may be incident from a back surface of the image sensor 35
which is thin due to action such as diffraction.

In the endoscope 15, illumination optical fibers which
extend in an insertion direction and have a light emitting end
disposed at a distal end in the insertion direction are dis-
posed in parallel by sandwiching the image sensor 35. A part
of the illumination light propagating through the optical
fibers may leak out of cladding due to scattering or the like.
In the endoscope 15, the shading member 97 reduces the
leakage light from being incident (absorbed) from the back
surface of the image sensor 35 and being photoelectrically
converted into stray light. That is, the shading material 97
can collectively cover the back surfaces of the pair of image
sensors 35 from visible light and infrared excitation light as
stray light. In the endoscope 15 according to the sixth
modification, by providing the voltage conversion device,
the shading material 97 can be easily provided in the
two-lens camera structure by effectively utilizing the space
secured on the substrate.

Although various embodiments have been described
above with reference to the drawings, it is needless to say
that the present disclosure is not limited to such examples.
It will be apparent to those skilled in the art that various
changes, modifications, replacements, additions, deletions,
equalizations can be conceived within the scope described in
the claims, and it will be understood that those certainly
belong to the technical scope of the present disclosure. Each
constituent element in various embodiments mentioned
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above may be combined arbitrarily in a range that does not
deviate from the spirit of the disclosure.

INDUSTRIAL APPLICABILITY

The present disclosure is useful as an endoscope in which
an increase in diameter of a distal end portion can be reduced
even though a transmission cable of a video signal obtained
from an image capturing portion disposed at the distal end
portion is long, and the image capturing portion can be
stably operated at high resolution to obtain a high-resolution
video signal.

What is claimed is:

1. An endoscope comprising:

a scope provided with a hard portion at a distal end of a
long flexible portion having flexibility;

an image capturing portion housed in the hard portion and
having an image sensor;

a transmission cable inserted into the scope and conduc-
tively connected to the image sensor at a distal end via
a substrate having a first rigid substrate and a second
rigid substrate connected by a flexible hinge, and

a voltage converter mounted on the substrate and output-
ting a constant voltage to the image sensor with respect
to an input voltage input to the transmission cable,
wherein:
the image sensor is mounted on the first rigid substrate,

and
the voltage converter is mounted on the second rigid
substrate.
2. The endoscope according to claim 1, wherein
the voltage converter is a linear regulator.
3. The endoscope according to claim 2, wherein
the voltage converter is an LDO regulator.
4. The endoscope according to claim 1, wherein
the voltage converter and the image sensor are mounted
on the same flexible substrate.
5. The endoscope according to claim 1, wherein
a wireless device is mounted on the substrate.
6. The endoscope according to claim 1, wherein
a motor driving device is mounted on the substrate.
7. An endoscope comprising:
a scope provided with a hard portion at a distal end of a
long flexible portion having flexibility;
a pair of image capturing portions with an axis sand-
wiched therebetween, each image capturing portion of
the pair of image capturing portions housed in the hard
portion and having an image sensor;
a transmission cable inserted into the scope and conduc-
tively connected to each image sensor at a distal end via
a substrate, and
a voltage converter mounted on the substrate and output-
ting a constant voltage to each image sensor with
respect to an input voltage input to the transmission
cable, wherein:
each of the substrates connected to each of the image
sensors disposed in each of the pair of image cap-
turing portions is formed by bending into an [.-shape
with a sensor connection portion parallel to a back
surface of the corresponding image sensor and a
cable connection portion perpendicular to the back
surface, and

each of the image sensors is disposed in a direction in
which each of the cable connection portions faces
each other with the axis of the hard portion sand-
wiched therebetween.
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8. An endoscope comprising:
a scope provided with a hard portion at a distal end of a
long flexible portion having flexibility;
a pair of image capturing portions with an axis sand-
wiched therebetween, each image capturing portion of 5
the pair of image capturing portions housed in the hard
portion and having an image sensor;
a transmission cable inserted into the scope and conduc-
tively connected to each image sensor at a distal end via
a substrate, and 10
a voltage converter mounted on the substrate and output-
ting a constant voltage to each image sensor with
respect to an input voltage input to the transmission
cable, wherein:
each of the substrates connected to each of the image 15
sensors disposed in each of the pair of image cap-
turing portions is formed by bending into an [.-shape
with a sensor connection portion parallel to a back
surface of the corresponding image sensor and a
cable connection portion perpendicular to the back 20
surface, and

each of the image sensors is disposed with each of the
cable connection portions facing outward with the
axis of the hard portion sandwiched therebetween,
and 25

a surface on an opposite side of the image sensor of each
of the sensor connection portion connected to the back
surface of each of the pair of image sensors is covered
with one shading member.
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